Introduction: Enamel integrity gets affected by the presence of micro-cracks in it and they can further create problems like stains and the accumulation of plaque on the fractured surfaces. Avoiding such iatrogenic damage to the enamel surface has been a constant challenge even with the use of metal brackets. Creating a fracture line in the base of the bracket leads to the formation of a 'weak zone'. This allows the bracket to collapse in a mesiodistal direction when debonding forces are applied rather than shattering the bracket into tiny multiple pieces. Thus, removal of the bracket having such a 'weak zone' created by making a groove in it before bracket removal arguably leaves the major amount of resin on the tooth and therefore causes less stress on enamel. This study plans to evaluate the expected beneficial effect of 'scoring' the base of the ceramic bracket before bracket removal.
INTRODUCTION
In 1980s ceramic brackets were introduced because of high expectations of patients for esthetic and less visible appliances. Since then, to evaluate clinical characteristics and properties, a lot of research have been conducted for ceramic brackets. 1 Different types of ceramic brackets have been manufactured to meet the demands of adults who seek orthodontic treatment. 2 one of the advantages of ceramic brackets is fewer chances of staining and also less frequency of slot distortion, but the disadvantage is these brackets are very brittle and rigid too. 3 These features lead to partial or complete bracket fracture due to the pressure of debonding on the base of the bracket. Enamel cracks and fractures have been reported after removal of brackets. 4 Avoiding such iatrogenic harm to the surface of enamel has been a constant challenge even with the use of metal brackets. Since then, attempts have been made to develop debonding methods that cause minimal undesirable changes in the enamel structure. 5 There are various techniques for modification of enamel surface and protocols have been described for etching and bonding to reduce the damage to enamel following bracket removal.
6-9

Planned studies involving various aspects of enamel microcracks (EMCs):
The region of their occurrence, the propensity of particular region of the tooth they occur in, whether the cracks are more along mesiodistal width or more along the occlusogingival height, the depth or width of the aforementioned cracks are some of the factors which need to be studied. All of the aforesaid needs to be studied for various types of commercially available ceramic brackets as well as known variations in the debonding techniques. Micro-cracks in the enamel following debonding is a concern for many patients seeking orthodontic treat-RESEARCH ARTICLE ment. 10 It has been studied that EMCs may jeopardize the integrity of the enamel and cause stains and plaque accumulation on the fractured surfaces.
11-13 Pronounced
Enamel cracks which can be visualized with the naked eye are pronounced micro-cracks and are often easily notified by patients either at the start of the treatment or following removal of the fixed appliances. 14, 15 Current information shows that pronounced EMC characteristics (width and length of EMCs) are more when compared with weak EMCs (not visible under normal illumination but visible under SEM). [14] [15] [16] A modified and economical technique has been introduced recently. This technique 17 claimed to have a better and safe technique for debonding. In this article describing the technique, authors advocated a fracture line by abrading the bracket body along its long axis between the two tie wings so that the adhesive material stays on the surface of the tooth and the bracket can be removed by squeezing and fracture the tie wings.
The present study targeted to compare and evaluate the occurrence of enamel micro-cracks before bonding and after debonding with monocrystalline ceramic brackets. The brackets used in this study belonged to Ormco (Inspire Ice) and American Orthodontics (Radiance) which were subdivided on the basis of creating a groove (scored and unscored) in these brackets.
The present study was expected to help in evolving a better technique of debonding offered by various types of ceramic brackets tested. The results obtained of this study were expected to refine the esthetic needs without compromising the integrity of enamel when using the monocrystalline ceramic brackets.
MATERIALS AND METHODS
Materials
Equipment
• Scanning electron microscope
Orthodontic Materials
• Monocrystalline ceramic brackets (AO, USA), 0.022" x 0.028" slot prescription ( Fig. 1 
Extracted Human Premolar Teeth
Group A: Twenty teeth were bonded with monocrystalline AO ceramic brackets. Group B: Twenty teeth were bonded with monocrystalline Ormco ceramic brackets.
Orthodontic Instruments
• Debonding plier (Denticon, India) ( Fig. 6) • Air-turbine (NSK, Japan) ( Fig. 7) • Diamond straight fissure bur (Medicept, TC-11, UK) ( 
Methods of Study
Extracted forty upper first premolars were used as samples in the study. 0.5% chloramine solution was used to decontaminate the samples. Enamel on buccal surfaces of teeth was evaluated with the help of SEM. The microscope was operated at 15 kV and 100x was used to evaluate the enamel micro-cracks initially ( Fig. 13 ). Samples were divided into two groups of 20 after examining with the scanning electron microscope: Group A: AO monocrystalline ceramic brackets Group B: Ormco monocrystalline ceramic brackets Groups A and B were again subdivided into four groups of 10: Group A 1 : AO monocrystalline ceramic brackets (scored) GroupA 2 : AO monocrystalline ceramic brackets (unscored) Group B 1 : Ormco monocrystalline ceramic brackets (scored) Group B 2 : Ormco monocrystalline ceramic brackets (unscored)
The teeth were etched with phosphoric acid (3M, Unitek) for 30 seconds, rinsed for 20 seconds with water, then dried for 10 seconds with air. After that, primer (3M Unitek) was applied with an applicator (Fig. 14) and curing was done for 20 seconds. Resin adhesive (Transbond XT, 3M Unitek, USA) was applied to the base of the ceramic bracket. Then, bracket holder (Denticon) was used to firmly position the bracket on the surface of enamel (Fig. 15 ) and explorer was used to remove the excess adhesive around the bracket base. Halogen light (Mini L.E.D, Woodpecker) was used to polymerize the adhesive (Fig. 16 ). After this procedure, distilled water was used to store the teeth at 37°C before testing for 24 hours. The average base area for maxillary premolar monocrystalline ceramic brackets (Ormco) was 11.83 mm 2 .
In this study, the 'search area' was located at the very center of every tooth. This search area was used to coincide with the bracket base region. This center of the tooth surface was marked around the bracket base by a permanent marker (Fig. 17) .
For scoring Group A 1 and Group B 1 , a fracture line was created by abrading the bracket body along its long axis between the two tie wings (Fig.18) . Long, tapered, high-speed diamond bur (Medicept, TC-11, UK) was used to cut down the bracket into two pieces till the adhesive layer according to the diameter of bur (Fig. 19) . After creating the fracture line, debonding plier was used to squeeze and fracture the tie wings (Fig. 20) .
After removal of brackets (Fig. 21) , ARI was recorded on each tooth and adhesive remnants were removed by low-speed, 12 fluted safe end carbide bur. Qualitative and quantitative micro-crack characteristics were analyzed as a number of micro-cracks and width and length of the largest micro-crack in the enamel. Enamel micro-cracks were visualized under SEM (Fig.  22) . The width and length of the micro-crack which was longer was quantified (Figs 23 and 24) .
RESULTS
Results of the study are represented in a tabular and graphic form which are as follows: Table 1 depicts the difference in the occurrence of enamel micro-cracks between scored monocrystalline ceramic brackets and unscored monocrystalline ceramic brackets of both the AO and Ormco groups. Relative risk was used to measure the association between groups (A 1 and B 1 ) and groups (A 2 and B 2 ). This difference was not statistically significant (p = 0.096).
Graph 1 depicts a bar chart representing the difference in the percentage of enamel micro-cracks between groups (A 1 and B 1 ) and groups (A 2 and B 2 ). It reveals that enamel micro-cracks developed only in Groups (A 2 and B 2 ) and cracks are absent in Groups (A 1 and B 1 ) . Table 2 is depicting the difference in the occurrence of enamel micro-cracks between groups A and B. Relative risk was used to measure the association between group A and B. This difference is not statistically significant (p = 0.096).
Graph 2 depicts a bar chart representing the difference in the percentage of enamel micro-cracks between Group B and Group A. It reveals that the percentage of enamel micro-cracks is less in group B than Ggroup A. Table 3 is depicting the relation between the scoring of ARI index and development of enamel micro-cracks. Chi-square test is performed to know whether there is a significant difference between the scoring of ARI and enamel micro-cracks development. This difference is found which is significant statistically (p = 0.013).
Graph 3 depicts the relation between ARI scoring and percentage of enamel micro-cracks. A number of enamel micro-cracks are more in samples having less score. Tables 4 and 5 are depicting the width and length of each micro-crack in the enamel of groups (A 2 and B 2 ). Table 6 is comparing the mean, standard deviation, standard error and confidence interval of the length of enamel micro-cracks between groups (A 2 and B 2 ). The difference of length between the 2 groups is statistically insignificant (p = 0.77) Graph 4 depicts a bar chart representing the mean length of micro-cracks in the enamel in both the AO and Ormco ceramic brackets. Table 7 is comparing the mean, standard deviation, standard error and confidence interval of the width of enamel micro-cracks between AO and Ormco groups. The difference of width between the 2 groups is statistically insignificant (p = 0.24).
Graph 5 depicts a bar chart representing the mean width of micro-cracks in the enamel in both the AO and Ormco ceramic brackets.
DISCUSSION
In the treatment of adult patients, the addition of esthetic brackets was a much-celebrated event. It has been accepted by adults which has expanded the development of contemporary orthodontic modalities. Since their 
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Damage to the enamel occurring due to the removal of ceramic brackets has been the concern to many researchers and has a number of studies. Some of these studies have evaluated many factors related to bonding procedure such as the etching time and the type of resin adhesive used. 18, 19 Some have assessed the types of bracket bases, having different groove designs [20] [21] [22] or mechanism for retentions of the bonding agents. Many studies evaluated bonding method, bonding material or combination of both. "Primum non nocere", the phrase from Hippocratic Oath, means "Do no harm". In healthcare sciences, the aim of designing any treatment method is to avoid iatrogenic damage at any cost. Reducing the occurrence of microcracks at the enamel surface is essential to maintain the pretreatment status of the tooth surface. In this context, one of the major goals of orthodontic practitioners is the search for a technique that would have no harmful effects on the teeth. Over the last few decades, major efforts have been made to develop an efficient debonding for ceramic brackets. However, Silveira, Mucha, and Bittencourt 17 demonstrated a technique to provide a safe technique of bracket removal for ceramic brackets.
Studies that evaluate the debonding produced by different brackets have a great diversity. This is because of the variety of techniques used. Tensile bond failure occurs at the bracket-adhesive interface when squeezing pressure is applied with debonding plier to remove the ceramic bracket. This is the most effective method to prevent enamel damage. 23 The disadvantage of this procedure is that it cannot be effectively used when an edgewise full-size wire is in place, and it is unsuitable for reuse. Another mechanical method is to squeeze or twist the bracket at its base, but this method can cause damage to enamel due to rubbing of sharp ends of pliers and also due to the site of failure being adhesive enamel interface. Ultrasonic method is another method of debonding which is relatively safe, but it is very slow as compared to other debonding methods and requires additional time for removing brackets 24 and this method is expensive also. 25 The electrothermal debonding technique is another method of debonding but it has limited application 24 and it has a potential for pulpal damage. 26 Silveira, Mucha, and Bittencourt 17 proposed a simple, safe and economical technique to create a stress concentrator in any brand of the ceramic bracket by scoring it with a diamond bur followed by debonding with a plier. In this technique, presented in a journals technique clinic corner, they suggested creating a fracture line by abrading the bracket body along its long axis between the two tie wings so that the resin stays on the surface of the tooth and the bracket can be removed by squeezing and fracture the tie wings.
We decided to test a similar method as a well-designed study to establish a debonding protocol by statistically evaluate the data collected through laboratory tests performed under loupes and SEM by evaluating the samples debonded using two different methods.
In this study, 40 extracted upper 1st premolars were included. These samples were evaluated under SEM for micro-cracks in enamel before bonding the brackets and after debonding the brackets. There were no enamel micro-cracks before bonding ceramic brackets. Among 40 samples, 20 had bonding with AO ceramic brackets and 20 had bonding with monocrystalline Ormco ceramic brackets. Among 20 in both groups, 10 were scored with tapered fissure diamond bur. This scoring resulted in shattering of ceramic brackets into different pieces during debonding and left the major amount of the resin on the surface of the tooth.
When testing carried out, scored monocrystalline ceramic brackets produced no enamel micro-cracks while few samples of unscored monocrystalline ceramic brackets produced enamel micro-cracks.
Thus, this study helped in evolving a better technique of debonding for various types of ceramic brackets tested. The results obtained of this study were expected to refine the clinical treatment steps without compromising the integrity of enamel when using the monocrystalline ceramic brackets.
CONCLUSION
Post debonding, significant difference was not found in the length or width of enamel micro-cracks between AO monocrystalline ceramic brackets (group A) and Ormco monocrystalline ceramic brackets (group B).
Micro-cracks in enamel found in only Unscored Monocrystalline American Orthodontics (group A 2 ) and unscored monocrystalline ormco (Group B 2 ) ceramic Brackets.
With high ARI index, there is decreased enamel microcracks seen in both american orthodontics (Group A) and ormco (Group B) ceramic brackets.
